In vitro protein synthesis studies of cycloheximideresistant mutant of Coprinus cinereus have shown that resistance to the drug is associated with the 60S subunit of the 80S ribosomes. Reverse-Phase High-Performance Liquid Chromatography (RP-HPLC) has been explored as an approach for the separation, analysis and comparison of the proteins of the 60S subunits from the cycloheximidesensitive and -resistant strains CY8 and CY8.2 respectively. Using a -Bondapak C18 column and a trifluoroacetic acid/acetonitrile solvent system, the proteins from this subunit have been resolved into approximately 27 peaks. Comparison of the protein chromatograms of the two strains showed two major differences: peak X, seen in the resistant strain, is almost completely absent in the sensitive strain; whereas peak V is reduced considerably in intensity in the resistant strain. These differences correspond to the pattern shown after OneDimensional Urea-Polyacrylamide Gel Electrophoresis (ID-UREA/PAGE) of these proteins. However, only 11 protein bands were resolved by the latter technique.
These results provide further evidence that resistance to cycloheximide is a property of the 60S subunit involving a protein component. They also clearly establish RP-HPLC as a method of choice for the rapid analysis and comparison of eukaryotic ribosomal proteins, offering far better resolution and reproducibility UREA! PAGE.
is encoded by the arg-12 locus, is one of many amino acid synthetic enzymes whose activity is regulated through cross-pathway amino acid control in Neurospora crassa. This enzyme is encoded by the arg-B locus in Aspergillus nidulans (Berse et aL, Gene 25, 109) . Probes derived from the arg-B gene have now been used to identify and clone a partially homologous fragment from Neurospora genomic DNA that carries the arg-12 gene.
arg-12 DNA probes hybridise to a single poly A transcript whose concentration was found to increase greatly in vivo under conditions of amino acid limitation that elicit cross-pathway derepression of OCTase activity. This response was abolished in cpc-1 mutant strains that are impaired in cross-pathway regulation, showing that the product of the cpc-1 locus is involved in controlling OCTase mRNA levels, probably via the rate of transcription. The level of NADP glutamate dehydrogenase mRNA (coded by the am gene-Kinnaird et aL, Gene 26, 253) was unaffected either by amino acid limitation or by the cpc-1 mutation. We have also investigated the rapidity and kinetics of the response of OCTase mRNA levels to amino acid limitation in cpc-1 strains, which have further implications for the regulatory mechanisms involved.
The analysis of sperm chromosomes in individuals exposed to genotoxic agents
Little is known about the congenital consequences of paternal exposure to mutagenic and clastogenic agents, despite the existence of two large amenable groups of individuals who have been so exposed: (a) Men who have undergone chemotherapy and radiation treatment for cancer, and (b) Atomic bomb survivors. Studies of the latter groups have failed to demo nstrate an increase in the frequency of birth defects or chromosome aberrations (Awa, In: Radiationinduced chromosome damage in Man, 1983, p. 433- 453, publ. A.R. Liss). Evidence for the former group is far less copious.
We have applied a heterospecific in vitro fertilisation procedure, the sperm chromosome assay (SCA) (Tomkins eta!., Heredity 50: 211, 1983) , to a number of men who are or were on individual or combined cytotoxic and radiation regimes. The majority of such individuals initially become azoospermic and those that recover spermatogenic function after treatment ceases, generally pass through an oligospermic phase. These samples behave poorly in the SCA and we have utilised specific sperm selection and capacitation techniques to combat this problem. Further, batch variation in human serum albumin and foetal calf serum used in the culture media also affect the efficiency and outcome of the SC. We have recently succeeded in conducting the entire assay in the absence of both of these components using fully defined media with a concomitant improvement in metaphase yield and quality. The advantage of this interventionist approach to the attainment and analysis of sperm chromosomes from genotoxic exposed oligospermic samples will be discussed.
Control of DNA synthesis in bacteriophage Ti
3.5 and 4 in the maintenance of viral DNA synthesis and genetic recombination; and das in the partial reversal of Ti "DNA arrest" phenotype caused by mutations in either gene 3.5 or 4.
Mutations in genes 3.5 and 4 produce a pleiotropic phenotype which includes: premature arrest of Ti DNA synthesis, failure to form concatemers, reduced recombination, reduced ATP independent 5'-exonuclease activity, production of shorter than unit length progeny DNA molecules.
We have identified a low molecular weight peptide (called X) which seems to be a strong candidate for the primary cause of the premature arrest of DNA synthesis observed for gene 3.5 and 4 mutations.
The possible roles of peptide X on the premature arrest of DNA synthesis and also its possible involvement with the control of replication in Ti will be discussed. Two variant mitochondrial DNAs in Coprinus cinereus, H and J, are distinguished by having alternative 1 23 Kb insertions at sites approximately 2 Kb apart in, or adjacent to, the co-i gene. Genetic recombination between J and H genomes nearly always results in generation of a genome that contains both these insertions. Recombination was detected using the mitochondrial gene mutations acu-lO, which causes a cytochrome oxidase defect, and cap-i which confers resistance to chloramphenicol. In one series of crosses recombination gave rise to the wild type genotype acuiOcap-1t Fourteen of 15 independently derived recombinants were found to have both DNA insertions. In a second series of crosses intragenic recombination within the cap-i gene was detected. cap-i is assumed to be the structural gene for the LrRNA and is some 6 Kb distant from the nearest insertion site. Recombination within this gene must therefore be independent of any event leading to recombination of the insertions. Eight independently derived cap-it recombinants were examined and in all both DNA insertions were present. Hybridisation studies have shown that the insertions are non-homologous. The biased inheritance of these sequences suggests that they encode a function similar to that of the w intron in the mitochondrial DNA of Saccaromyces cerevisiae and that we are observing analogous conversion events.
Ammonium ion toxicity and ribosoma I mutations in Aspergillus nidulans
A chance observation that some suppressorcontaining strains grew poorly on ammonium medium but almost normally on nitrate medium has led us to screen all translational mutants for ammonium sensitivity.
Strains with mutations in the putative tRNA genes, suaB and suaD, grew like wild-type on ammonium medium whereas those strains with ribosomal suppressors (suaA and suaC) behaved abnormally. Several suaC alleles have been examined, and one of these, suaClO9, has been tested in several genetic backgrounds All these strains are inhibited by nitrogen source. Increasing the ammonium concentration gives a more pronounced effect. This is in contrast to normal growth on proline, sodium nitrate or glutamate. Any ammonium salt has the same effect. Further antisuppressor mutations which partially compensate for the hypersensitive reaction of suaClO9 strains to antibiotics and low temperature also correct to various degrees the ammonium sensitivity.
Since the antisuppressor genes and suaC are thought to code for ribosomal proteins, one possible explanation is that the ammonium ions interfere directly with ribosome function or structure. Although magnesium is the element which springs to mind in the context of ribosomes, monovalent ions also play a part in the association (or opposite) of ribosomal subunits. We are examining the effects of ammonium and other ions, in vitro, on ribosome dissociation.
We are also trying to exploit the toxic effect of ammonium ions to isolate new types of ribosomal mutant.
10. Genetic controls of genome instability in Escherichia co/i K-i 2 A. P. Jessop and F. Rodger
Institute of Genetics, University of Glasgow, Glasgow Gil 5JS.
Homologous recombination not only brings about recombination in genetic crosses, but also acts on intrachromosomal homologous sequences to generate chromosome rearrangements. We present data on a recA-dependent instability in the 77' region of E. coli K-12, where a genetic component in one of our strains dramatically increases the frequency of occurrence of the instability. A cell-free system has been developed for synthesising polypeptides in vitro, using extracts of A. nidulans. Since it is an homologous system, it can be used for studying translation mutants. The system is a modified version of that used for Podospora anserina by M. Picard-Bennoun and colleagues. For this work we have to purify the elongation factors partially from the S100 extract. The factors are very labile and have to be used quickly. Dikaryon formation, the production of sexual mycelium from two compatible monokaryons in the basidiomycete Coprinus cinereus, is achieved by nuclear migration independent of cytoplasmic movement; as a result, the reciprocal dikaryons formed at the periphery of the opposed monokaryons only have the resident cytoplasm. However, it was shown (Baptista-Ferreira, Ph.D. Thesis, University of London, 1981) that cytoplasms mixed as a result of hyphal anastomoses and suggested that recombination, rather than heterozygosity, of cytoplasmic genes occurred in the zone of contact of mated monokaryons.
Using appropriate mitochondrial gene mutations carried in compatible monokaryons, it was shown, from evidence produced by somatic segregation analysis, that recombinant mitochondria arise in the area where mated monokaryons had anastomosed (Baptista-Ferreira, Economou and Casselton, Current Genetics 7, 407, 1983) . An investigation at the molecular level by physico-chemical analysis of the mitDNA is currently underway and the results are presented. Biochem. 92, 174, 1979) we are analysing the protein components of cytoplasmic ribosomes of the fungus Aspergillus nidulans. Using strain biAl (Glasgow) as wild type the 40S, 60S and 80S proteins have been electrophoretically separated.
Most of the proteins can be assigned to a sub-unit but others are as yet uncertain.
Strains containing translational suppressor mutations are being compared with isogenic strains and results will be presented which show that they have altered electrophoretic migration patterns in a protein. Mutations at the suaA and suaC loci (Roberts et a!., Molec. gen. Genet. 177, 57, 1979) were used for this study. We isolated spontaneous nitrate assimilation mutants in strains (ATCC 28162 and SH-00016) of opposite mating type, at an overall-frequency of 20 per cent, by selecting for resistance to chlorate in the presence of glutamate as sole nitrogen source. Four classes of chlorate-resistant mutant were found, viz: Class I: nitrate non-utilising, nitrite utilising; Class II: both nitrate and nitrite non-utilising; Class III: nitrate utilising, nitrite non-utilising; Class IV: nitrate and nitrite-utilising. Class III mutants were unstable and reverted to either Class II or Class IV phenotype. The Class III phenotype has not previously been described in any organism. Genetic analysis revealed a number of complementation groups in Class I. All representative alleles of each complementation group lacked NR activity. Attempts to determine which might be molybdenum cofactor (Mo-co) mutants were frustrated by the inability to assay xanthine dehydrogenase by any of the six previously published procedures. Although all could grow on hypoxanthine as sole nitrogen source some were Mo-co defective since (a) NR activity and growth could be restored in some cases, in the presence of unphysiologically high levels of molybdate and (b) the Mo-co of other groups was unable to reconstitute NADPH-NR activity in the Neurospora crassa nit-i reconstitution assay. Class II contained three inter-allelic complementation groups which had low or zero NR and NiR activity as well as Jow levels of functional Mo-co. We suggest that these three groups may represent a complex locus involved in the regulation of NR and NiR and perhaps also the Mo-co. The arom locus of A. nidulans and other filamentous fungi encode a multi-functional polypeptide that catalyses five consecutive enzymatic steps leading to chorismic acid in the polyaromatic amino acid biosynthetic (arom) pathway.
Arom DNA sequence data will be presented and the evolutionary relationships between the sequence of the dehydroquinase activity and that of its isoenzyme, catabolic dehydroquinase (encoded by the QutE gene in the quinic acid utilisation gene cluster) discussed. Analysis of arom specific mRNA will be described. To illustrate that the cotransformation phenomenon can be applied to introduce in vitro modified genes at specific, pre-determined loci we used a model system based on the A. nidulans trpC-E. coli lacZ fusion gene (van Gorcom et a!., Gene, in press).
Experiments will be described which show that by cotransformation of A. nidulans the wild type trpC gene can be replaced by the trpC-lacZ hybrid gene, resulting in tryptophan auxotrophic colonies with a 1acZ phenotype which are easily recognised by their blue colour on X-gal containing medium. These trpC mutants can be retransformed to TrpC using the wild type trpC gene.
A detailed analysis of this system will be presented. Regulation of gene expression in Aspergillus nidulans has been investigated extensively by genetic methods. However, little is known about the control of gene expression at the molecular level. A convenient and powerful system to study gene expression is provided by the fusion of a promoter or regulatory region to the lacZ gene of E. coli, encoding /3-galactosidase, and determination of the /3-galactosidase activity.
To test whether the lacZ-fusion system also can be used in Aspergillus we have constructed in vitro a fusion of the E. coli lacZ gene and the trpC gene of A. nidulans. The fused gene was cloned into a plasmid which contains an A. nidulans selection marker. Analysis of A. nidulans strains transformed with this plasmid shows that the E. coli lacZ gene is expressed as a functional protein.
Based on the trpC-lacZ fusion gene, a set of promoter-probe vectors was constructed to isolate and analyse transcription/regulation signals.
These vectors contain a unique Barn HI site in three different reading frames in front of either the truncated trpC-lazZ fusion gene or the trancated lacZ gene.
Experiments are in progress to analyse the promoter region of glycolytic and galactose-induceable genes in A. nidulans and Aspergillus niger.
The results of such will be presented at the meeting. We have constructed several vectors for expressing rennin in Aspergillus nidulans. The promoter, presumptive upstream activator sequence, and terminator of the A. niger glucamylase gene were functionally linked to the gene encodingprorennm, and inserted as a Clal fragment into plasmid pDJB3 (Ballance and Turner, Gene, in press). Further modifications involved the addition of various secretion signals to the prorennin gene.
Transformants of strain G191 were selected by pyr4 complementation and found to secrete active rennin in submerged culture. The identity of rennin and prorennin was confirmed by Western blots of one and two dimensional acrylamide gels. The mechanism of processing may be autocatalytic or may involve endogenous proteases. Rennin was secreted by transformants grown on starch, xylose and glucose indicating that the A. niger glucoamylase promoter is not regulated in A. nidulans.
Southern analyses of selected transformants show integration of the ClaI fragment, and, for some transformants, multiple copies were observed.
21. An Aspergillus DNA sequence giving a high frequency of unstable transformants I. L. Johnstone and A. J. Clutterbuck Department of Genetics, Glasgow University, Glasgow Gil 5JS.
In an attempt to construct a vector which would replicate autonomously in Aspergillus nidulans, a gene bank in the pILJ16 argB vector was screened for production of semistable transformants of an argB2 recipient. One such transformant, on conidial subculture, gave rise to approximately equal numbers of ARG and unstable ARG colonies. DNA from this strain was able to transform E. coli at high frequency to ampicillin resistance, and was shown to include both integrated and free copies of a pILJ 16-derived plasmid with a 6 kb insert.
This plas mid transformed Aspergillus argB2 strains at high frequency (3000-5000 transformants per g DNA) to give further unstable ARG colonies. Analysis of the plasmid showed it contains an Aspergillus DNA insert consisting of 3 kb inverted repeats flanking a 376 bp unique core. Using this plasmid as a probe in Southern blots, suggests that wild type Aspergillus probably contains one copy of the inverted repeat, plus a few copies of the single arms. Analysis of non-inducible mutants combined in heterozygous diploid strains of Aspergillus nidulans has defined two genes, qutA and qutD, which regulate the expression of a closely linked cluster of three structural genes. The product of one regulatory gene, qutD, is an activator required for the expression of all three enzyme structural genes and that of the second gene, qutA, has the characteristics of a co-activator required for gene expression in the presence of quinic acid.
In order to test alternative molecular models of the regulatory mechanism, we have cloned the three enzyme structural genes and also qutD using probes from the homologous genes in Neurospora crassa. Features of the promoter and terminator sequences flanking the enzyme coding regions will be described with particular reference to the dehy- The morphogenetic events which we have been analysing in the fungus Sordaria brevicollis are those associated with fruiting. Firstly, we have been concerned with understanding signals which initiate the morphogenetic pathway leading to protoperithecial production, and secondly we have been analysing the morphogenetic pathway itself. The ultimate objective is to understand how the developmental events leading to perithecial formation and ascospore production are synchronised and co-ordinated at the molecular level.
When growing on cornmeal agar colonies of Sordaria are barren, protoperithecia are produced only after growth is disturbed, usually following contact with the Petri dish wall. There is a similar edge effect when the fungus is grown on chemically defined Westergaard and Mitchell's medium. On Vogel's N medium, in contrast, a growing colony does produce protoperithecia. This morphogenetic These results will be presented and the question posed "Are dominance tests worthwhile"? By synthesising double mutants and then examining the epistatic relationships it is often possible to work out the respective positions of the two relevant genes in a metabolic pathway. I have made strains doubly mutant for a range of translational mutations and examined them in the hope that either predictions could be made about order of use during translation or ribosome synthesis, or about the nature of the suppressors concerned. The results are both interesting in showing up mutual antagonism and disappointing in that the character of the double mutant at low temperatures is usually similar to the weakest of the two partners, an effect that I also found with some developmental mutants years ago. Even so, I hope to be able to show at the meeting that the synthesis of double mutants is potentially more rewarding than that of dominance tests. Adaptation to the killing and mutagenic effects of simple alkylating agents in Escherichia coli has been shown to be due to the induction, respectively, of a DNA glycosylase (the alkA gene product), and an 06-methyl guanine DNA methyltransferase (the ada gene product).
To determine whether such an inducible system existed in the lower eukaryote Aspergillus nidulans, conidia were pretreated with low concentrations of MMS and then challenged with a higher dose. The pre-treatment did not result in an enhanced ability to survive the challenge dose. However, comparisons of reversion frequency between adapted and non-adapted conidia revealed a three-fold reduction in the pre-treated cells following a high dose challenge.
Correlating these observations, and using suitable substrates and protein purification procedures, we have demonstrated that both a 3-methyl adenine glycosylase and an 06-methyl guanine DNA methyl-transferase activity can be detected in such extracts. However, both of these activities appear to be constitutive, and are not affected by pre-treatment of mycelia with nonlethal levels of mutagen.
Several mutants displaying increased sensitivity to MNNG have been isolated, and mapped on the A. nidulans chromosomes. The most sensitive of these, SAl, is many more times more sensitive than wild type to NTG, but is not affected by UV light. A less sensitive mutant, SA3, is similarly unaffected by UV. These mutants, which map to chromosome VIII and I respectively, therefore appear to be defective specifically in steps concerned with the repair of alkylation damage.
Molecular mechanisms of heavy metal tolerance in Aspergillus nidulans
Significant variation occurs between wild-type strains in the extent to which their hyphal growth is inhibited by metal ions. Less variation is seen in their inhibition of germination. Mutants have been isolated which are resistant to the presence of metal ions as shown by their increased ability for hyphal growth. The evidence suggests that the resistance of many of these mutants is not due to reduced rate of cellular uptake, either by extracellular chelation or by alteration in the rate of metal transport. Instead, the resistance may result from the induction of an intracellular mechanism, since a growth phase seems necessary for the resistance to become apparent.
Cadmium-resistant mutants have been mapped and found to be located at two loci. One locus is on chromosome VI between the nicC and lacA loci; the other is on chromosome IV between the hisA and moB genes. The proximity of the chromosome VI mutants to the methB locus is of particular interest due to the relationship of sulphurcontaining compounds and metal resistance.
Certain strains isolated as resistant to cobalt ions produce snall spherical cobalt precipitates in the medium. In addition, a Cu-binding protein of similar size to yeast and animal metallothioneins has been identified. The mating type (MT) genes in fungi are masterswitches of the developmental events leading to initiation and sequential steps of the sexual cycle. In filamentous Ascomycetes and yeasts there is one MT locus with two alternative states; in the latter, the frequent conversion of one state to the other is well understood in molecular terms. In the Many models have been proposed to explain gene conversion in fungi. "Gene conversion" is used here to include production of 5:3 and 3 :5 ratios as well as 6:2 and 2:6s. In addition to hybrid-DNA (hDNA) theories, there is now the double-strand gap repair model (Szostak et aL, Cell 33, 25, 1983; Orr-Weaver and Szostak, Microbiol. Rev. 49, 3, 1985) .
The proposed repair of double-strand gaps does not produce 5 :3 s, 3 : 5 s aberrant 4:4 s or correction 4:4 s, but just gives 6:2 s and 2:6 s, probably in equal proportions. Within a length of gap repair,there should normally be no effect of Plasmids used for in vitro recombination studies (Symington et aL, Cell 35, 805, 1983) were modified to permit the detection of polarity in recombination. Reciprocal crosses were made between plasmids with the mutations tetl0 and tetl4, located at 23 and 1246bp respectively in the tet gene.
Polarised recombination was shown by the preferential conversion of the tetl0 mutation to wild type. Mixed plasmid clones arising from recombination were frequently observed and these also showed the preferential conversion of the tetl0 allele. A computer search of the pBR322 genome located a 13 base sequence identical to one arm of the site-specific recombination sequence loxP of P1 phage (Hoess etaL, P.N.A.S. 79,3398, 1982 Carroll and Houghton, Heredity 50, 211, 1983) based on the technique of in vitro fertilisation of zona-free hamster eggs described by Rudak et a!. (Nature 274, 911, 1978) has now been extended to the visualisation of the chromosomes of bovine sperm. This communication describes recent improvements in this technique involving the use of follicular fluids and percoll gradients for the capacitation of the sperm. This method yields consistently analysable sperm metaphases with both fresh and frozen semen. Data from the study of these chromosomes will be described and the implications for cattle breeding and the A.I. In the latter, alleles at two closely linked loci on the long arm of the X-chromosome separately control the photopigments of the red and green sensitive cones of the retina. In Saimiri three kinds of males and six kinds of females occur, of which only three-presumably heterozygotes-have tnchromatic colour .vision, all the others being dichrohiatès. Mollon et a!. explain that this represents a stable equilibrium, in which three alleles are maintained by female heterozygous advantage.
In the retinae of these females, mosaics of two kinds of cones ("red" and "green" cones) occur owing presumably to lyonisation.
A derivation from some ancestral form of the human and Saimiri situations might be as follows: at some stage two alleles only existed at one locus; in the ancestors of Saimiri mutation then added a Phanerochaete velutina possesses multinucleate hyphal compartments and whorled clampconnexions. We have shown that it has a unifactonal (bipolar) mating system, anastomoses abundantly and exhibits a very rapid somatic incompatibility reaction at sites of hyphal fusion between genetically different secondary mycelia. In this paper, we present the cytological details of the somatic incompatibility reaction as seen using light and electron microscopy. Our observations prompt the speculation that incompatibility-induced cell death in this fungus occurs in a programmed The entire coding sequence of the A. nidulans gdhA gene for NADP-linked glutamate dehydrogenase (GDH) has been shown to reside within a 1 8 Kb HindIlI fragment of DNA. From the nucleotide data, the deduced amino acid sequence was found to be highly homologous with other microbial GDH's particularly nearer the amino terminus and which is generally thought to be involved in catalytic activity and allosteric interactions. For instance, in the region amino acids 43 to 161 (A. Northern hybridisation, Si mapping and in vitro capping experiments indicate that the A. nidulans mitochondrial genome is transcribed into RNA precursors that are rapidly processed into mature mRNAs.
We have mapped the 5'-termini of the 16S and 23S rRNA genes and located these in conserved nucleotide sequences that are similar to possible transcription initiation sequences in yeast. Loosely conserved sequences occur elsewhere in the A. Many suppressors restoring prototrophy were obtained from a strain leul-1 of the fungus Podospora anserina. Some, such as su4-1 and su8-1 were cloned in Saccharomycespombe on the basis of the suppression of opal nonsense mutations.
Sequence analysis of the suppressor genes confirmed that they encode tRNAs reading UGA (opal), codon (Debuchy, R. and Brygoo, Y., in press). The sequence of the wild-type alleles revealed that both encode tRNAA with a low degree of homology. Furthermore, su8 contains an intron, whereas su4 does not. As Su4 and Su8 encode isoacceptor tRNAs having the same anticodon their sequence differences are somewhat unusual. Intergenic conversion has been postulated as a mechanism for maintaining homology amongst members of a multigenic family, and, indeed interchromosomal gene conversion of tRNAse genes has been demonstrated in S. pombe. Thus, it is possible that the acquisition of an intron by one member of the ancestral family of tRNAser genes would have released this gene from the correction mechanism of gene conversion and allows a high degree of heterology to be maintained in Podospora anserina; the coding sequence differences observed between su4 and su8 may be correlated with the presence of an intervening sequence within su8.
The cloned tRNA suppressors were used in DNA transfection experiments with a strain leul-1 of P. anserina (Brygoo, Y. and Debuchy, R. Mol. Gen. Genet. 200, 128, 1985) . Transformation occurs uniquely by integration. Genetic analysis showed that integration of the transforming molecule at the homologous site is not the rule: in most cases the integration point is located elsewhere. Some random integrations occur close to strategic loci as centromeres, which we hope to clone for constructing chromosome-like vectors.
37. At least seven ribosomal proteins are involved in the control of translational accuracy in the fungus Podospora anserina B incompatibility genes results in the formation of dikaryon with a typical mycelial morphology and the inherent capacity to form fruit-bodies under proper environmental conditions. Genetic analyses indicate that the incompatibility genes function as controlling genetic elements governing the expression of genes directly involved in morphogenesis. Till now we have not been able to detect mRNAs from genes involved in the monokaryon-dikaryon transition, possibly because their concentration is too low. However, during the formation of fruit-bodies by the dikaryon, a number of genes are uniquely expressed by producing abundant mRNAs and proteins. Probing the expression of these genes with cloned sequences revealed a low expression of these genes in the vegetative dikaryon but not in the monokaryons. It can thus be surmised that the regulatory role of the incompatibility genes in fruiting is the conditioning of fruiting genes in the chromatin in preparation for transcription, while full transcription of these genes is switched on by environmental signals conducive to fruiting. We review the biosynthesis, uptake and salvage pathways of pyrimidines in Neurospora, and the loci involved. Regulation of the pathways by both nitrogen metabolite repression and pyrimidinespecific regulatory mechanisms will be discussed. The pyr-4 gene, encoding orotidine 5'-P decarboxylase, has been cloned and sequenced. The results of sequence comparisons with the equivalent genes of Saccharomyces cerevisiae (ura3) and Escherichia coli (pyrF) will be presented and homologies discussed. The pyr-4 clone has been inactivated by Tn 1000 insertions, and also by removal of the distal end of the coding region and its replacement in a translational fusion by lacZ. Transformation of Neurospora with these defective clones, resulting in complementation to pyrimidine-independence has been achieved at low frequency. These results will be discussed in the context of transformation mechanisms in Neurospora. Press, 1985, in press) . A number of systems have been studied at the physiological level, structural and regulatory genes have been identified and in some cases very detailed fine structure maps are available.
We have cloned two complete systems, the ethanol utilisation regulon (Lockington et aL, Gene 33, 137, 1985) and a cluster comprising the three structural genes and the positive-acting regulatory gene involved in proline utilisation (Green, P., Scazzocchio, C., Arst, H. N. and Davies, R. W., unpublished). Northern blots confirm the supposition that the structural genes are regulated at the level of transcription and show that the cognate regulatory genes, alcR and prnA, are autoregulated. Interestingly aicR is directly regulated by carbon catabolite repression which seems to work by shutting off the synthesis of this positive-acting gene product rather than by repressing the expression of the structural genes themselves.
DNA sequencing of alcA and aid A, which are the genes coding for alcohol and aldehyde dehydrogenase respectively, has revealed highly conserved sequences 5' to their coding regions, which might be involved in the regulatory process. The two /3-tubulin genes and one of the atubulin genes have been cloned and sequenced.
The /3-tubulin clones, B5 and B14, differ substantially with respect to nucleotide sequence and are only 80 per cent homologous with respect to protein sequence. Each integrates specifically in transformation experiments. 85 integrates at the benA locus. Transformation with an internal fragment of B14 disrupts the tubC gene and causes the disappearance of /33-tubulin from 2D gels, indicating that /33-tubulin is the product of the tubC gene.
Asexual sporulation is normally sensitive to inhibition by benomyl in benA22 (benomyl resistant) mutants. Disruption of /33-tubulin in a benA22 strain by conidiation resistant mutations or by integration of a B14 internal fragment causes sporulation to become resistant to benomyl. This demonstrates that /33-tubulin functions during conidiation but is not required for conidiation.
Since the ts benA33 mutation blocks mitosis in conidiospores, /31-and/or f32-tubulin also must function during sporulation. Thus benomyl sensitive /33-tubulin confers benomyl sensitivity on conidiophores containing resistant /31-and/or /32-tubulin; but, when f33-tubulin is disrupted, the remaining resistant tubulins make sporulation resistant. These experiments demonstrate the power of the Aspergillus system for analysing cell specific functions of the tubulin gene family. Biol., 180, 91, 1984) . This 53 Kb segment of chromosomal DNA codes for at least 19 poly(A) RNAs, some of which are transcribed from overlapping regions. The area of developmental regulation is approximately 37 Kb in length and is delimited by 11 Kb direct repeats. With one exception, RNAs transcribed from the central part of the cluster appear late during conidiophore development and accumulate specifically in spores. The exceptional transcript appears earlier during development and accumulates specifically in cells of the conidiophore. In contrast, RNAs encoded at the borders of the cluster occur in both somatic cells and spores. The results indicated that if a chromatin-level control mechanism operates to regulate expression of the SpoCi gene cluster, as previously suggested by us (Timberlake, W. E. and Barnard, E. C., Cell 26, 29, 1981) , additional levels of regulation must also exist.
44;
We have now examined the effect of repositioning one SpoCi gene, designated Cl-C, in the genome. A recipient strain of Aspergillus was constructed containing a null allele of the Cl-C gene.
A plasmid containing a wild-type copy of the gene and its 5' and 3' flanking regions was then introduced by transformation. Several transformants were selected in which the plasmid had integrated at sites other than the SpoCi region. Blot analysis of RNA from these transformants indicated that the gene was expressed in somatic cells at a level much greater than when in the normal position.
The repositioned genes nevertheless showed a con- In the white rot basidiomycete Phanerochaete chrysosporium, there is a switch determining whether or not lignin is degraded. Depletion of carbon or nitrogen sources results in increased adenyl cyclase activity and levels of cAMP, and the onset of ligninolytic activity. Of a series of phenol oxidase deficient mutants, some were unable to degrade lignin; of these some, but not others, had cAMP levels that remained low on C and N depletion. Others of these mutants degraded lignin more efficiently than the parent strain; these mutants had abnormally high cAMP levels on C and N depletion.
eDNA preparations were made from mRNA isolated from ligninolytic and non-ligninolytic cultures of the parent strain. These cDNAs were hybridised to genomic libraries of P. chrysosporium DNA, and a number of clones were isolated that carried sequences expressed only in the ligninolytic phase. These could be grouped into families by Southern blotting and by restriction site polymorphism segregation analysis (see Raeder and Broda, this meeting). Creation of a cDNA library allowed an assessment of the complexity of the mRNA population during lignin degradation. Purification and partial sequencing of a hgninase protein allowed construction of oligonucleotides that were used to isolate from the gene library clones containing the corresponding gene. We seek to develop cloning systems allowing reintroduction of DNA into P. chrysosporium, and the progress towards this will be discussed. An objective is to obtain strains in which lignin degradation proceeds during normal growth.
This Cellulases are a group of enzymes secreted by a number of different microorganisms all of which hydrolyse /3-1,4 glycosidic bonds, though each has its own substrate specificity. We have cloned genes coding for 5 different cellulolytic enzymes and analysed 3 of these in detail. Full length cDNA clones have been isolated and characterised allowing the identification of at least two introns in each gene.
Comparison of the DNA and putative protein sequences of the genes coding for the cellobiohydrolases CBH I and II and endoglucanase EG I reveals a number of interesting features about the evolution of cellulases genes. It would seem that exon shuffling and both divergent and covergent evolution have played important roles in the evolution of these genes of this family. We have developed a rapid method for preparing DNA from filamentous fungi and we have isolated
